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TITLE 

TENSION MASK FRAME ASSEMBLY FOR 
COLOR CATHODE RAY TUBE 

CLAIM OF PRIORITY 
[0001] This application makes reference to, incorporates the same herein, and claims all 
benefits accruing under 35 U.S.C. § 119 from an application entitled TENSION MASK FRAME 
ASSEMBLY FOR COLOR CRT earlier filed in the Korean Industrial Property Office on the 16 th 
day of November 1999, and there duly assigned Serial No. 99-50943. 



CROSS-REFERENCE TO RELATED APPLICATION 
[0002] This application is a continuation-in-part of U.S. Application Serial No. 09/712,952 
filed in the U.S. Patent & Trademark Office on 16 November 2000, U.S. application Serial No. 
09/712,952 being incorporated herein by reference. Also, this application makes reference to, 
incorporates the same herein, and claims priority and all benefits accruing under 35 U.S.C. §120 
from the aforementioned U.S. application Serial No. 09/712,952, filed on 16 November 2000, 
entitled TENSION MASK FRAME ASSEMBLY FOR COLOR CATHODE RAY TUBE. 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0003] The present invention relates to color cathode ray tubes, and more particularly, 
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tension mask frame assembly for a color cathode ray tube, having an improved tension mask 
which is fixed to a frame. 

Description of the Related Art 
[0004] In color cathode ray tubes (color CRTs), an electron beam emitted from an electron gun 
lands on a fluorescent film through electron beam passing holes in a shadow mask and excites 
the fluorescent film to form an image. 

[0005] The screen surface of conventional color CRTs which form an image as described 
above is designed so as to have a predetermined curvature in consideration of the deflection 
trajectory of an electron beam which is emitted from an electron gun and deflected by a 
deflection yoke. The tension mask is designed so as to have a curvature corresponding to the 
curvature of the screen surface. 

[0006] A shadow mask, which is manufactured so as to have a curvature similar to the 
curvature of the inner surface of the screen surface, is heated by an electron beam, that is, by a 
thermoelectron, emitted from the electron gun, which causes a doming phenomenon in which a 
shadow mask is swollen toward a panel. The doming phenomenon prevents the electron beam 
from accurately landing on the fluorescent film. As described above, the screen surface is 
designed to have a predetermined curvature, such that the view angle is narrowed and the 
fluorescent film is excited at the periphery of the screen surface, thus distorting the formed 



image. 



[0007] In order to solve these problems, a color cathode ray tube (CRT) having a flat-surface 
screen has been developed. In such a color CRT, a tension mask, in a state where a tensile force 
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is applied thereto, is fixed to the inner surface of a panel so as to be separated a predetermined 
distance from a fluorescent film formed on the inner surface of the panel. In this state, the panel 
is sealed with a funnel on which an electron gun and a deflection yoke are mounted. 
[0008] Examples of a tension mask installed in a color CRT are respectively disclosed in US 
Patent No. 5,488,263, US Patent No. 4,973,283, US Patent No. 4,942,332, US Patent No. 
4,926,089 and US Patent No. 6,097,142, for example. 

[0009] An example of a tension mask, illustrative and exemplary of those disclosed in the 
aforementioned patents, is shown in FIG. 1. As shown in Fig. 1, the tension mask has a plurality 
of strips 21 formed in parallel, and a slot 23 is formed by strips 21 and tie bars 22 having a 
vertical pitch PV, which connect the strips 21 to each other. Here, the vertical pitch PV of the tie 
bar and the horizontal pitch PH of slots are equal at the center portion of the tension mask to 
those at the peripheral portion of the tension mask. The slots have a plurality of auxiliary tie bars 
24 which extend from a strip 21 on one side to an opposite strip side. 

[0010] However, in a tension mask having the auxiliary tie bars 24 as described above with 
respect to Fig. 1, as the vertical pitch PV of the tie bar 22 is relatively increased, a ligament ratio 
is correspondingly lowered. That is, referring to Fig. 2, the ligament ratio obtained by dividing 
the width W of the tie bar 22 by one of two equal parts PV into which the vertical pitch of a slot 
is divided. Thus, as the vertical pitch of a slot increases, the ligament ratio is relatively lowered. 
[0011] As described above, when the ligament ratio is lowered, a supporting force between 
strips 21 is typically deteriorated, so that a tension mask can be easily plastic-deformed by an 
impact applied from an external source, such as an impact applied in a vertical direction. That is, 
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referring ,o Figs. ! and 2, a vib, ation, which is transmitted from «he center to the periphery of the 
tension mas, 20 wh» - hnpact is apphed in the vertica! direction of the tension mask 20, can 

.f 4. tension mask, so that the edge o, the tension mas, is piastic-defonned. This phenomenon 

.eduction due to the fact tha, the vertical pitch of the tension mask 20 is the sanre at the center 

portion and the peripheral portion. 

,„ 0 n, U. S. Patent No. 4,926,089 to Moore entitied Tied S,U Foil Stoto*** ™ **• 

has on its tnner surface a centraUy disposed phosphor screen. A meta! « shadow mas, . 
mounted m tensron on a mas, support structure iocated on opposed sides of the screen. The 
mask incudes a series of parauei strips sep*a,ed by shts, the strips being coupied by wrdeiy 
.paced ties. The ma* has hetween the strip* one or more faise ties extendmg partiaUv beKveen 
bu, no, interconnecting adjacent snip, The screen may afco have spaced ties interconnecting the 

grffle hues with a periodicity much smaher ton tha, of the mask tics «d beiow an observer, 

resolution threshold at normal viewing distances. 

,„„!„ U S. Patent No. 4,942,332 to Adler e, ai. entitied Tied SiU Mask For Color CatHode 
m Tubes disciose a sht-type foi> tension mask *td associated front assembiy for a coior cathode 
ray tube tha, mchrdes a series of paraUe. strip* separated by sht, The strips are loose* coupied 
* wideiy spaced ties, the wide tie spacing being such as to produce a strip coupiing whrch 

- • . „ j tllVl - fabrication and facilitates damping of 
promotes handleability of the mask durmg mask and tube fabneatio 
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strip vibrato when mounted in a tube. Also, in Fig. 11 therein it is disclosed that the vertical 
position, or pitch, of the ties is not constant bu, is randomly varied from tie to ,ie to suppress tie 
visibility. Also, in Hg. 12 therein it is disclosed that false ties are placed along the slit edges at 
regular intervals between the real ties and with a pitch less than that of the real ties. 
,0014] U. S. Patent 4,942,333 to Knox entitled Shadow Mask With Border Pattern discloses a 
shadow mask adapted for tensioned mounting in a flat faced color CRT having a pattern of slits 
in the border regions of the mask disclosed to provide uniform distribution of tensile stresses 
across the mask when mounted in the CRT . 

[00151 U. S. Patent 4,973,283 to Adler et al. entitled Method Of Manufacturing A Tied Slit 
Mask CRT disclose a * -type foil tension mask and associated front assembly for a color 
cathode ray tube including parallel strips separated by sins. The soips are loosely coupled by 
widely spaced ties, the wide tie spacing being such as to produce a strip coupling which promotes 
handleability of the mask during mask and tube fabrication and facffita.es damping of snip 
vibration when mounted in a tube. 

(00161 U. S. Patent 5,072,150 to Lee entitled ShadowMask Assembly for Color Picture Tube 
disclose a shadow mask frame for a color picture tube that has side walls which are cu, on, to 
form cut-out sections, leaving only a plurality of bridge portions. A separate supporting means 
for the frame is provided in direct contact with the shadow mask. 

,0017] U. S. Paten, No. 5,126,624 to Ji entitled Color Cathode Ray Tube Having Improved 
Spring Type Contactor discloses a color cathode ray tube having a spring type contactor. The 
spring type contactor effects electrical connection between a frame and a conductive coating 
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deposited on the inner surface of the funnel, and comprises an '.OMEGA.' shaped fitting portion 
for being inserted into holes respectively perforated on the shield and the frame to be locked 
therein, a pair of legs abutting the edge of the hole of the shield, and a «C shaped contact portion 
extended from one of the legs to contact with the conductive coating on the inner surface of the 
funnel. 

[0018] U. S. Patent 5,210,459 to Lee entitled Shadow Mask Structure Of A Color Cathode Ray 
Tube discloses a cathode ray tube with a shadow mask, the shadow mask structure being 
suspended and fixed behind the panel of the cathode ray tube. Plate springs for connecting the 
shadow mask structure and the panel are placed to apply pulling forces at either the sides or the 
corners of the shadow mask frame, so as to hold the shadow mask to the skirt so as not to deform 
the shadow mask. 

[0019] U. S. Patent No. 5,488,263 to Takemura et al. entitled Color Selecting Electrode For 
Cathode-Ray Tube disclose a color selecting electrode for use in cathode-ray tube which includes 
a frame having a pair of opposed first supports and a pair of opposed second supports extending 
in a direction such as to cross the pair of first supports, and grid elements disposed on the pair of 
first supports at a fixed pitch and stretchedly bridging the pair of first supports. 
[0020] U. S. Patent No. 5,523,647 to Kawamura et al. entitled Color Cathode Ray Tube 
Having Improved Slot Type Shadow Mask disclose a color cathode ray tube having a slot type 
shadow mask. The shadow mask assembly is suspended inside the panel, and is disclosed as 
including a mask frame, and the shadow mask held on the mask frame, the shadow mask having 
a large number of grilles and bridges disposed at an interval for connecting adjacent grilles, the 
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grilles and the bridges having sections which are concave in opposite directions, respectively. 
[0021] U. S. Patent 5,534,746 to Marks et al. entitled Color Picture Tube Having Shadow 
Mask With Improved Aperture Spacing disclose a color picture tube that includes a shadow mask 
and a dot screen, wherein the mask is rectangular and has two horizontal long sides and two 
vertical short sides. The long sides parallel a central major axis of the mask and the short sides 
parallel a central minor axis of the mask. The mask includes an array of apertures arranged in 
vertical columns and horizontal rows. Apertures in one row are disclosed as being in different 
columns than are the apertures in adjacent rows. The vertical spacing between apertures in the 
same column is the vertical pitch of the apertures and horizontal spacing between apertures in the 
same row is the horizontal pitch of the apertures. It is disclosed the horizontal pitch of the 
apertures increases from the minor axis to the short side of the mask and decreases from the 
major axis to the long sides of the mask. Also, along the major axis, the vertical pitch of the 
mask is disclosed as decreasing from the center to the short sides of the mask and, adjacent the 
long sides of the mask, it is disclosed as increasing from the minor axis to the corners of the 
mask. 

[0022] U. S. Patent 6,057,640 to Aibara entitled Shadow Mask For Color Cathode Ray Tube 
With Slots Sized to Improve Mechanical Strength And Brightness discloses a shadow mask for a 
cathode ray tube, including a plate having a first surface and a second surface. The plate is 
formed with at least one line of slots between which bridge portions are formed, each slot being 
spaced away from adjacent slots by a predetermined pitch. The bridge portions are denned by a 
first length at the first surface of the plate and a second length at the second surface of the plate, 
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the first and second lengths being determined so that a factor is in the range of 5% to 15%, the 
factor being defined as a ratio of the smaller of the first and second lengths, to the predetermined 

pitch. 

[0023] U. S. Patent 6,072,270 to Hu et al. entitled Shadow Mask For Color CRT disclose a 
shadow mask employed as a color selection electrode in a multi-electron beam color cathode ray 
tube (CRT), the surface area of the mask being reduced by increasing the length of the individual 
elongated beam passing apertures, or slots, while reducing the ratio of the width of the bridge 
portion of the mask between adjacent apertures to the length of the aperture. 
[0024] U. S. Patent 6,097,142 to Ko entitled Shadow Mask Having An Effective Face Area 
And Ineffective Face Area discloses a shadow mask including an effective face area constituting 
a central portion of the shadow mask. The effective face area has electron beam apertures, which 
electrons pass through. A secondary ineffective face area surrounds the effective face area and 
sdso has apertures. A frame attaching border further surrounds the secondary ineffective face 
area, and a primary ineffective face area at least partially surrounds the frame attaching border. 
Corners of the shadow are adjacent the primary ineffective face area and do not have apertures. 
It is disclosed portions of the primary and/or secondary ineffective areas are treated with tie bar 
grading and/or have round corners. 

SUMMARY OF THE INVENTION 
[0025] To promote resolving the above problem, an objective, among other objectives, of the 
present invention is to provide a tension mask frame assembly for a color cathode ray tube, by 
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which a tension mask is prevented from being plastic-deformed by a tensile force applied to the 
tension mask or by a strong impact applied from an external source. 

[00261 To achieve the above objective and other objectives of the present invention, the 
present invention provides a tension mask frame assembly for a cote cathode ray tnbe including: 
a tension mask having a plurality of strips on which slots are formed being separated a 
predetermined distance from each other on a thin plate, and rea. bridges for partitioning slots a, a 
predetermined pitch interval by connecting adjacent ones of the pluraBy of strips to each other; 
md a frame which supports the corresponding edges of the tension mask, whereby the vertica. 
pitch of the real bridges becomes smaller, such as in a stepwise relation, in a direction from the 
center portion of the tension mask to the puberal portion of the tension mask, with a vertical 
pitch of the plurality of real bridges in the center portion of the tension mask being greater than a 
vertical pitch of the plurality of real bridges in a peripheral portion of tire tension mask. 
,00271 Also, in the present invention, the tension mask desirably includes a dummy bridge that 
extends from a strip on a, leas, one side of corresponding slot to a strip on tire opposite side of 
the corresponding slot and being formed on a slot partitioned by a corresponding one of the reai 
bridges. 

l0 02S, Also, to achieve tire above objective and other objectives of the present invention, the 
present invention provides a tension mask frame assembly for a color cathode ray tube including: 
a tension mask having a plurality of strips on which slots are formed being separated a 
predetermined distance from each other on a thin plate, and real bridges for partitioning slot, at a 
predetermined pitch interval by connoting adjacent ones of the plurality of strips to each other; 
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and a frame which supports the corresponding edges of the tension mask, whereby a tensile force 
is applied to the tension mask, and the vertical pitch of the real bridges becomes smaller at both 
shorter sides of the tension mask than at the center portion of the tension mask. 

BRIEF DESCRIPTION OF THE DRAWINGS 
(0029] A more complete appreciation of the invention, and many of the attendant advantages 
thereof, will be readily apparent as the same becomes better understood by reference to the 
following detailed description when considered m conjunction with the accompanying drawings 
in which like reference symbols indicate the same or similar components, wherein: 
[0030] Fig. 1 isaplanviewofaconventionaltensionmaskof a color cathode ray tube; 
[0031] Fig. 2 is a magnified view of part of the tension mask shown in Fig. 1 ; 
[0 032] Fig. 3 is an exploded perspective view of a tension mask frame assembly for a color 
cathode ray tube according to an embodiment of the present invention; 
[0033] Fig. 4 is a plan view of a tension mask shown in Fig. 3; 

,0034] Fig. 5 is a plan view of a tension mask of a tension mask frame assembly for a eolor 
cathode ray tube according to another embodiment of the present invention, whereby the vertical 
pitch of arealbridge ■ smaUer at both shorter sides of thetension mask than at the center portion 

of the tension mask; 

,0035] Fig. 6 is a plan view of another embodiment of a tension mask according to the present 

invention; 

,00361 Fig. 7 is a plan view of a further embodiment of a tension mask according to the 
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present invention; 

[0037] Figs. 8A and 8B are graphs showing the relationship between and relating to the 
vertical pitch of a real bridge at the center portion of types of further embodiments of a tension 
mask according to the present invention and the vertical pitch of the real bridge at and moving 
toward both shorter sides of the tension mask; and 

[0038] Figs. 9A and 9B are plan views, for types of the further embodiments, referred to in 
Figs. 8 A and 8B, of tension masks according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0039] Referring to Figs. 3 and 4, a tension mask frame assembly 100 for a color cathode ray 
tube according to an embodiment of the present invention includes a tension mask 30, 30a-30e 
which can distinguish the colors of an electron beam, and a frame 40 for supporting the tension 
mask 30, 30a-30e so that the tension mask 30, 30a-30e has a predetermined tensile force. The 
tension mask 30, 30a-30e has a plurality of strips 3 1 formed on a thin plate 39 so as to be isolated 
a predetennined distance from each other, and a plurality of 33 slots formed by connecting the 
adjacent strips 31 to a real bridge 32 having a predetermined vertical pitch PV. The strips 31 and 
the real bridges 32 are formed by etching the thin plate 39, for example. The predetermined 
vertical pitch PV of the real bridges 32, which defines the slots 33 by connecting adjacent strips 
31 of the tension mask 30, 30a-30e to each other, becomes smaller, such as in a stepwise 
direction, in the direction from the center portion C to the peripheral portion P of the tension 
mask 30, 30a-30e. Thus, the number of real bridges 32 gradually increases in the direction from 
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the center portion C to the peripheral portion P of the tension mask 30. 
[00401 Abo, a tension mask frame assembly 100 according to another embodiment of .he 
present invention is illustrated in Fig, 5. The tension mask frame assembly 100 of figure 5 
includes a tension mask 30, In the tension mask 30a, as ,o the vertical pitches PV1 and PV2 of 
the real bridges 32, which connect adjacent strips 31 of tire tension mask 30a to each other, the 
vertical pitches PV2 a. bom shorter sides S of the tension mask 30a axe smailer than the vertical 
pitch PV1 a, the center portion C of the tension mask 30a, as shown in Fig. 5. In mis 
embodiment of Fig. 5, it is natura! that the number of real bridges 32, which respectively connect 
five (5) to nine (9) strips 3 1 to each other, for example, that are placed a, the edge of bom shorter 
sides S of the tension mask 30a, is greater in number man that of the real bridges 32 a. the center 
portion C of the tension mask 30a, with the center of tension mask 30a being indicated by the 
center line C L . 

(00411 Further, Fig, 6 and 7 illustrate other embodiments of a tension mask according to the 
present mventior. Fig. 6 illumes a tenston mask 30b having a plurahty of strips 31 on a min 
plate 39, a plurality of rea! bridges 32 and a plurality of slots 33 as cat, be used in tension mask 
assembly 100 of FIG 3. A.so, Fig. 7 illuarates a farther embodiment of a tension mask 30c 
havmg a plurahty of strips 31 on a thin plate 39, a plurahty of bridges 32 and a plurality of stots 
33 as can be used in tension mask assembly 100 of Fig. 3. 

[00421 Referring to Fig, 4 through 9B, dummy bridges 34, 34', 34" extending from a ship 31 
on a. leas, one side of a strip 31 axe placed on a slo, 33 defined by adjacent strips 3! and a 
corresponding real bridge 32 of the tension mask 30, 30a, 30b, 30c, 30d, 30e a*d the slo. 33 is 
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partitioned by .he dummy bridge 34 a, interval of a predetermined vertical pitch PVS. As 
sbowr, hr Fig. 4, for example, a dunmry bridge 34 positioned a, a slot 33 ts made up of 
protrusions 34a and 34b extending in opposite diections from adjacent strips 31 on both sides of 
the corresponding slot 33. Alternatively, as shown in Fig. 6, a dummy bridge 34', is extended 
from a strip 31 on one side to an opposite strip side of - adjacent strip 31, 3,', and an adjacent 
dummy bridge 34" is extended from the adjacent strip 30, 31' on the other side, such tha, the 
dummy bridges 34' and 34" alternate. Also, as shown in Fig. 7, dummy bridges 34 can extend 
from a strip 3 1 on one side to an opposite stnp side of an adjacent strip 3 1 in a corresponding slot 



33. 



[M43I Also, as illustrated in Fig. 4, for example, i, ts preferable tira, the dummy bridges 34 
adjacent to a slot 33 „ in a staggered relation with respect to dummy bridges 34 adjacent to an 

opposing slot 33. 

[00441 Further, in a case where the dummy bridges 34 are each made up of the protrusions 34a 
and 34b extending from stiips 31 on both stdes of a slot, it is preferaHe that the end of the 
protrusions 34a no, contact tire end of the protrusion 34b, such as illustrated in Fig. 4, for 

example. 

,0045] in tire tension masks 30, 30a through 30e described above, tire vertical pitch PVS of a 
slot divide by tire real bridge 32 and each of the corresponding dummy bridges 34, 34' and 34" 
is equal a, the center portion C of the tension mask to that a, tire peripheral portion P thereof. 
However, undoubtedly, the vertical pitch PVS of a slot defined by the real bridge 32 and the 
dummy bridge 34, 34', 34" can become larger h, the direction from tire center portion C to tire 
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periphery portion P in consideration of the deflection angle of an electron beam emitted from an 
electron gun. Also, the horizontal pitch Pff of the slots 33 formed by the strips 3.of the tension 
masks 30, 30a through 30e can be controlled according ,o an angle a. which an electron beam is 
deflected by the deflection yoke. When considering the landing allowance of an dectron beam, it 
is preferable that the horizontal pitch PfT of the slots 33 increases rn a direction from the center C 
to the periphery P of the tension masks 30, 30a through 30e. 

,0046, Referring again to Fig. 3, in the tension mask frame assembly 100, the frame 40 has a 
configuration to support the tension mask, such as tension masks 30, 30a tough 30e, includes 
support members 4, and 42 for supporting the long or longer sides L of the tension mask, and 
elastic members 43 and 44 which connect the support members 41 and 42 to each other and have 
elastic forces. The support members 41 and 42 includes supporters 41a and 42a which are 
wekW wuh the longer sides L of the tension mask 30, 30a tough 30e, respective*, and flanges 
41b and 42b extending inwardly from the supporters 41a and 42a, respectively. However, a 

frame, such as frame 40, rs not linnted by the above embodiment such as illustrated in FIG 3. 

Any kind of frame can be used as long as it does no, diminish the effective screen when being 

runted on a panel and can support a tension mask, such as tension masks 30, 30a tough 30e, 

in a state where a tensile force has been applied thereto. 

,0047, Continuing with reference to Fig. 3, an cample of a tensile force or a tensile strength 
applied to tension mask 30, 30a tough 30e is described as follows. Typically, frame 40 
supports the tension mask 30, 30a through 30e so that the tension mask can receive a uniform 
tensile force In one direction, such as in the «Y asis" direction. In tire tension mask frame 
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assembly 100, when .he support members 4! and 42 are pressed in opposite directions, the elastic 
members 43 and 44 supporting the support members 41 and 42 are elastically deformed, since 
the longer sides L of the tension mask 30, 30a through 30e are welded a, the supporters 41a and 
42a of the support members 41 and 42, and a tensile force is applied to the tension mask 30, 30a 
through 30e in a lengthwise direction of the strips 3 1 . 

1004S1 The tension mask frame assembly, such as tension mask frame assembly 100, 
according to to present invention having a configuration as described above, is mounted on a 
color cathode ray tube, and «. distinguish the colors of an electron beam emitted from an 
electron gun in order to allow the electron beam to accurately land on corresponding fluorescent 
materials. As for the tension masks 30, 30a through 30e, its longer sides L are supported by the 
support members 41 aud 42 while its shorter sides S are no. supported by the frame 40, so that 
to shorter sides S of to tension mask are more likely to be vibrated by an external impact than 
the longer sides. 

100491 However, in to tension masks according to to present invention, such as tension 
.nasks 30, 30a through 30e, to vertical pitch PV of to real bridge 32, which connect to strips 
31 to each other, becomes narrower in a direction from the center portion C to to peripheral 
portion P of to tension mask on to shorter sides S or is smaller at the peripheral portion P of 
both shorter sides S of to tension mask than a, to center portion C of to tension mask, such 
that to ligament ratio gradually increases in a direction from to center portion C to to 
peripheral portion P of the tension mask 30, 30a through 30e. The stiffness of to tension mask 
30, 30a through 30e also gradually increases from to center portion C to the peripheral portion P 
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of the tension mask, such that even if a large impact is applied to the center portion C of the 
tension mask, this impact is gradually weakened while being transmitted in the horizontal 
direction of the tension mask, and finally disappears at an end strip portion existing at the 
horizontal edge of the tension mask. Thus, plastic deformation of the edge of the tension mask 
can be substantially prevented. Also, at the peripheral portion P of the tension mask, the vertical 
pitch PV of the real bridge 32 connecting strips 31 to each other is narrow, such that the 
supporting force between the strips 3 1 is improved. 

[0050] Figs. 8A, 8B, 9A and 9B illustrate further embodiments of tension masks 30d and 30e 
of a type, as can be used in tension mask frame assembly 100 (Fig. 3) according to the present 
invention. As shown in Fig. 9A and 9B respectively, each of tension masks 30d and 30e has a 
plurality of strips 3 1 formed on a thin plate 39 so as to be isolated a predetermined distance from 
each other, and a plurality of slots 33 formed by connecting the adjacent strips 31 to a real bridge 
32 having a respective predetermined vertical pitch PV". The predetermined vertical pitch PV" 
of the real bridges 32, which define the slots 33 by connecting adjacent strips 31 of the tension 
mask 30d, 30e to each other, decreases in steps in a stepwise relation in a direction from the 
center portion C of the tension mask 30d, 30e to the peripheral portion P of the tension mask 
30d, 30e, such as in the X axis direction illustrated in Figs. 8A through 9B. That is, in the 
embodiment of the tension mask 30d of Fig. 9A, the tension mask 30d is partitioned into a first 
region SI including at least the center portion C and second regions S2 adjacent to the first 
region SI, the vertical pitch PV" of the real bridges 32 at the second regions S2 of the tension 
mask 30d is smaller than that of the real bridges 32 at the first region SI of the tension mask 30d. 
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Dummy bridges 34 extending from a strip 31 on at least one side of a strip 31 are formed on a 
slot 33 defined by adjacent strips 31 and a corresponding real bridge 32 in each of the first and 
second regions SI and S2, at intervals of a predetermined vertical pitch PVS. The dummy 
bridges 34 are similar to the dummy bridges 34 in the above-described embodiments of Figs. 4 
through 7. 

[0051] Continuing with reference to Figs. 8A, 8B, 9A and 9B, the number of dummy bridges 
34 formed on a slot 33 defined by adjacent strips 3 1 and a real bridge 32 is smaller in the second 
regions S2 than in the first region SI. To be more specific, in the tension mask 30d, 30e of Figs. 
9 A and 9B, for example, when a value obtained by dividing the vertical pitch PV" of the real 
bridges 32 by the vertical pitch PVS of the dummy bridges 34 is referred to M, the value M being 
smaller in the second regions S2 than in the first region SI, and the value of M being smaller in 
the regions S3 than in the regions S2 of Fig. 9B. The value M is an integer that satisfies an 
expression of inequality: 3<M<29. For example, a value obtained by dividing the vertical pitch 
PV" of the real bridges 32 by the vertical pitch PVS of the dummy bridges 34 in the first region 
SI is M, and a value obtained by dividing the vertical pitch PV" of the real bridges 32 by the 
vertical pitch PVS of the dummy bridges 34 in the second regions S2 is M-n. Here, the value n is 
an integer that satisfies an expression of inequality: 0<n<M, where n is greater than zero (0) and 
smaller than 29. Therefore, in a type of tension mask 30d, 30e including a plurality of regions, 
such as regions SI and S2 of the tension mask 30d of Fig. 9A or regions SI, S2 and S3 of the 
tension mask 30e of Fig. 9B, with a region, such as region SI, of the plurality of regions having a 
value M obtained by dividing the vertical pitch of corresponding ones of real bridges 32 in the 
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region by the vertical pitch of corresponding ones of the dummy bridges 34 in the region, an 
adjacent region, such as region S2, to the region has a value M-n obtained by dividing the 
vertical pitch of corresponding ones of the real bridges 32 in the adjacent region by the vertical 
pitch of corresponding ones of dummy bridges 34 in the adjacent region, with n being a value 

greater than zero and less than M. 

[00521 The above described decreasing stepped or stepwise relation of the predetermined 
vertical pitch PV is also evident from the relation PV/PVS, as illustrated in Figs. 8A and SB. 
in the case of the tension mask 30d of Figs. 8A and 9A, two regions SI and S2 havtag difieren, 
numbers of dummy bridges 34 a,e taken as an example and described, with the decreasing 
stepwbe relation for the regions SI and S2 of tension mask 30d of Fig. 9A being illustrated in 
Fig. 8A. However, the number of regions having different numbers of dummy bridges 34 is no. 
hmited to two, and the tension mask can be partitioned into a plurality of regions, such as two or 
more regions, such as regions SI, S2, S3 of tension mask 30e of Figs. 8B a*d 9B, with the above 
deserted decreasing stepped or stepwise relation for these regions SI, S2 and S3 of tension 
mask 30e of Fig. 9B being illustrated in Fig. 8B. 

[0053] Also, the number of dummy bridges 34 whhin or adjacent to a slot 33 that is denned by 
adjacent strips 31 and adjacent real bridges 32 can decrease in steps or in a stepwise relation in 
the direction (X axis direction (Fig, 8A through 9B)) from the center portion C to the peripheral 
portion P of the tension mask, while each of the slots 33 in a corresponding region, such as in a 
regions SI, S2, or S3, can have the same number of dummy bridges 34. That is, the valueM can 
decrease in steps or in a stepwise relation in the direction from the center portion C to the 
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peripheral portion P of the tension mask, such as tension mask 30d, 30e, while a decrease is 
made in units of dummy bridges 34 of respective regions, such as regions SI and S2 of Fig. 9A 
or regions SI, S2 and S3 of Fig. 9B. Also, the frame 40, which supports the tension mask 30d, 
30e of Figs. 9A and 9B, such as illustrated in Fig. 3, is similar to that used to support tension 
masks 30, 30a, 30b, and 30c, for example, in the above-described embodiments, but it is not 
restricted to these embodiments. 

[0054] In the tension mask 30d, 30e of Figs. 9A and 9B according to the present invention, the 
vertical pitch PV" of a real bridge 32 which connects adjacent strips 3 1 to each other decreases in 
steps or in a stepwise relation in a direction, such as the X axis direction (Figs. 8A-9B), from the 
center portion C to the peripheral portion P of the tension mask 30d, 30e, such that the 
supporting force between strips and the stiffness of the tension mask 30d, 30e, gradually increase 
from the center portion C to the peripheral portion P of the tension mask 30d, 30e. Also, the 
number of dummy bridges 34 extending from strips 31 within a slot 33 defined by adjacent strips 
31 and adjacent real bridges 32 decreases in steps or in a stepwise relation, so that the vibration 
of the tension mask, such as tension mask 30d, 30e, can be reduced. 

[0055] Further, as illustrated in Figs. 9A and 9B, and as discussed previously with respect to 
Fig. 4, for example, it is preferable that the dummy bridges 34 adjacent to a slot 33 are in a 
staggered relation with respect to dummy bridges 34 adjacent to an opposing slot 33. 
[0056] Also, as illustrated in Figs. 8A, 8B, 9A and 9B, it is preferable that the stepwise 
relation be symmetrical for corresponding opposing side portions or corresponding opposing 
portions of the tension mask, such as tension masks 30d and 30e, from a center portion C to the 
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peripheral portion P of the tension mask, such as tension masks 30d and 30e. As illustrated in 
Figs. 8A through 9B, the center of the tension mask 30d, 30e is indicated by the center line C, 
in Figs. 8A and 9A, the center line C, divides the tension mask 30d into opposing side portions 
Al and Bl, and in Figs. SB and 9B the center line Q. ^ *<= «*» 30e mto 0W °^ 
side portions A2 and B2, as illustrated in Figs. 8A through 9B, respectively. As illustrated in 
Fig, 8A tough 9B, the respective portion Al or A2 of the tension mask 30d, 30e located to 
one side of the center or center line Q. of *e tension mask 30d, 30e is respectively symmettical 
to the corresponding portion Bl or B2 respectively located to the opposing side of the center line 
Q of the tension mask 30d, 30e. 

,0057) Also, as is evidenced from Figs. 8A and 8B respectively corresponding to the tension 
masks 30d and 30e of Figs. 9A and 9B, with respect to the center of A. tension mask 30d, 30e in 
the direction from the center portion C to the peripheral portion P, in each of opposing directions 
from the center or center line C L the relation PV/PVS and the relation of the vertical pitch of the 
real bridges 32 is in a relation, such as a stepwise relation, that is symmettical for corresponding 
opposing sides Al and Bl of tension mask 30d of Fig. 9A and for corresponding opposing sides 
A2 and B2 of tension mask 30e of Fig. 9B. Further, as illustrated in Fig, 8A through 9B, 
corresponding regions SI, S2 or SI, S2, S3 in opposing portions or opposing side portions Al 
and Bl of tension mask 30d of Figs. 8A and 9A and in opposing portions or opposing side 
portions A2 and B2 of tension mask 30e of Figs. 8B and 9B are symmetrical with respect to each 
other and are also symmetrica! with respect to the relation PV/PVS and with respect to the 
relation of the vertica. pitch of the real bridges 32, such as the symmettical stepwise relation 
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illustrated in Figs. 8A and 8B. 

,005*1 Therefore, in m i» the tension masks 30d and 30e of Figs. 9A and 9B, opposing 
side portions or portions Al. Bl of the tension mask 30d and opposing side portions or portions 
A2, B2 of the tension mask 30e are symmetiical with respect to each ota. as illustrated in Frgs. 
,A and 9B, as well as are symmetrical with respect to the vertical pitch relation of rea! bridges 32 
and with respect to the PV7PVS relation, such as in the symmetrical stepwise rdation illustrated 
in Fig, 8A and 8B. Abo, with respect to the region SI m the tension masks 30d and 30e of Figs. 
9A ard 9B, the portion of the region SI in the portion Al is symmetrical with respect to the 
portion of the region S, m the portion Bl of thetension mask 30d, and the portion of the region 
SI jn the portion A2 is symmetrical with the portion of the region SI in the portion B2 of the 
tension mask 30e, as illustrated in Figs. 8A through 9B, as well as behtg symmetrical m tire 
reiation of the vertical pitch of the real bridges 32 and in the stepwise relation The respective 
symmetry in tire tension masks 30d and 30e of Hg, 9A and 9B - also evidenced from these 
Figs. 9A and 9B in the symmetrica, rdation of tire strips 3 1, real bridges 32 and dummy bridges 
34 arrd the corresponding opposing side portions Al and Bl arrd A2 and B2 divided by the center 
or center line C,. of the respective tension masks 30d and 30e. 

,00591 The above-described advantages of tension masks according to the present invention, 
such as those of the type of tension masks 30d and 30e of Hgs. 8A through 9B, will be more 
clarified through the following experimental examples. The foHowmg experimental examples 
redely use tension masks of the type of tensiontnask 30d, 30e of Figs. 8A through 9B, with 
the tension mask of the third experiment example including an M value of 30 to contest the 
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preferred range of 3<M<29. However, the present invention is not limited to the following 
experimental examples. 



First experimental example: 

[0060] A tension mask was manufactured, having a first region which is positioned at the 
center of a slotted portion of the tension mask and in which a value M obtained by dividing the 
pitch of a real bridge by the pitch of a dummy bridge is 9 and second regions which are 
positioned at both lateral sides of the center (in the X axis direction) and have a value M of 7, in 
which the difference in the value M between the first and second regions is 2. In a state where a 
tensile force is being applied to the tension mask by being supported by a frame, the vibration 
decay time and maximum amplitude at predetermined locations from the center portion to the 
peripheral portion of the tension mask were measured, with the results illustrated in Table 1. In 
Table 1, the maximum amplitude denotes the maximum amplitude at each location during initial 
vibration, and the decay time denotes the time during which each location has 10% of the 
maximum amplitude. 

<Table 1> 



Distance from the center of a mask (mm) 
Decay time (sec) 



Maximum amplitude (|xm) 



2.3 



37.0 



150 



2.8 



43.0 



200 



1.9 



41.0 



250 



1.9 



57.0 



1.9 



59.0 



Second experimental example: 

[0061] A tension mask was manufactured, having a first region which is positioned 
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center of a slotted portion of the tension mask and in which a value M obtained by dividing the 
pitch of a real bridge by the pitch of a dummy bridge is 13 and second regions and third regions 
which are respectively positioned at both lateral sides of the center (in the X axis direction) and, 
respectively, have a value M of 7 and a value M of 5, in which the difference in the value M 
between the first and second regions is 6 and the difference in the value M between the second 
regions and third regions is 5 . In a state where the tension mask is supported by a frame so that a 
tensile force is applied to the tension mask, the vibration decay time and maximum amplitude at 
predetermined locations from the center portion to the peripheral portion of the tension mask 
were measured, with the results illustrated in Table 2. 

<Table 2> 



Distance from the center of a mask (mm) 



Decay time (sec) 



Maximum amplitude (um) 



5.3 



170 



100 



4.0 



165 



150 



4.3 



150 



200 



5.2 



135 



250 



2.4 



135 



290 



1.1 



100 



15 

16 

17 

18 

19 

20 

21 



Third experimental example: 

[0062] A tension mask was manufactured, having a first region which is positioned at the 
center of a slotted portion of the tension mask and in which a value M obtained by dividing the 
pitch of a real bridge by the pitch of a dummy bridge is 30 and second regions and third regions 
which are positioned respectively at both lateral sides of the center (in the X axis direction) and, 
respectively, have a value M of 25 and a value M of 20, in which the difference in the value M 
between the first region and the second regions is 56. Here, the second regions and the third 
regions have a width of 5 to 10 mm, which is measured from each of the shorter sides of the 
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tension mask. In a state where the tension mask is supported by a frame so that a tensile force is 
applied to the tension mask, the vibration decay time and maximum amplitude at predetermined 
locations from the center portion to the peripheral portion of the tension mask were measured, 
with the results illustrated in Table 3. 

<Table 3> 

290 



Distance from the center of a mask (mm) 



Decay time (sec) 



Maximum amplitude (um) 



0 



23.0 



250 



100 



25.5 



240 



150 



21.0 



210 



200 



20.5 



200 



250 



21.0 



185 



19.5 



180 



Fourth experimental example: 

[0063] A tension mask was manufactured, having a first region which is positioned at the 
center of a slotted portion of the tension mask and in which a value M obtained by dividing the 
pitch of a real bridge by the pitch of a dummy bridge is 11 and second regions which are 
positioned at both lateral sides of the center (in the X axis direction) and have a value M of 7, in 
which the difference in the value M between the first and second regions is 4. In a state where a 
tensile force is being applied to the tension mask by being supported by a frame, the vibration 
decay time and maximum amplitude at predetermined locations from the center portion to the 
peripheral portion of the tension mask were measured, with the results illustrated in Table 4. 

<Table 4> 



Distance from the center of a mask (mm) 



Decay time (sec) 



Maximum amplitude (\im) 



5.2 



96 



100 



6.5 



95 



150 



7.4 



70 



200 



5.7 



60 



250 



4.3 



65 



290 



1.7 



45 
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First comparative example: 

,00641 A tension mask was manufactured, having only a first region which is positioned at the 
center of a slotted portion of the tension mask and in which a value M obtained by dividing the 
pitch of a real bridge by the pitch of a dummy bridge is 1 1. In a state where the tension mask is 
supported by a frame so that a tensile force * applied to the tension mask, the vibration decay 
ttae and maximum amplitude a. predetermined locations from the enter portion to the 
peripheral portion of the tension mask were measured, with the results illustrated m Table 5 . 

<Table 5> 

250 




Maximum amplitude 



[00651 In the tension masks according to the above described firs, through four* experimental 
examples, the decay time of a vibration rapidly decreased and the amplirade of the vibration 
increased in the direction from the center portion to the peripheral portion of the tension masks 
(tte is, in the X axis direction). Thus, it becomes evident that the vibration of the tension masks 

is reduced. 

,00661 However, in the tension mask according to the above described firs, comparative 
example m which the vertica! pitch of a real bridge and the value M are uniform over the entire 
surface of tire mask, the decay times of a vibration a, the predetermined .ocations had no large or 
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appreciable deferences each other, and ,„nger decay times than *~ * «* « *"* 
to* experimental espies were retired a, the predetermined iocations. Also, in the first 
comparative example, me amplitude of a vibration was slightly reduced. 
l00671 m the tension mask frame assembly, such as tension ma* frame assembly 100, for a 
coior cathode ray tub, according to the present invention having such conjurations as described 
above, for exampie, the vertical pitch of a rea, bridge *comes narrower, such as m the above 
aescribed stepwise region, m me direction from the center portion to the periphera, portion of 

preventing deformation ofthe tension mas, A*, the interval maintenance force of a real bodge 
between strips , unproved against a tension applied in the directions of the shorter sides of the 

,0068, While there have been Ulustrated and described what are considered to be preferred 
e.bodiments of the present invention, it will be understood by those staled in the art , ha, 
van ous changes and modifications may be made, and eouivalents may be substituted for 
Cements thereof wnhou, <« from the true scope of the present invention. fn addnron, 
m any modifications may he made to adapt a particular situation to the teaching of the present 
mven tion wnhout deparring from the scope th*eof. Therefore, i, , .tended that the present 
mention not be hmtted to the particular embod^s disposed as the best mode contemned 

• u ♦ tw the nresent invention includes all embodiments 
for carrying out the present mvention, but that the present mv 

falling within the scope of the appended claims. 
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